Forced-gradient tracer tests in a fractured limestone aquifer designed and interpreted by modeling by Mosthaf, Klaus et al.
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
General rights 
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners 
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights. 
 
• Users may download and print one copy of any publication from the public portal for the purpose of private study or research. 
• You may not further distribute the material or use it for any profit-making activity or commercial gain 
• You may freely distribute the URL identifying the publication in the public portal  
 
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately 
and investigate your claim. 
   
 
Downloaded from orbit.dtu.dk on: Dec 20, 2017
Forced-gradient tracer tests in a fractured limestone aquifer designed and interpreted
by modeling
Mosthaf, Klaus; Brauns, Bentje; Broholm, Mette Martina; Fjordbøge, Annika Sidelmann; Bjerg, Poul
Løgstrup; Binning, Philip John; Rohde, Magnus M.; Kerrn-Jespersen, Henriette
Publication date:
2017
Document Version
Publisher's PDF, also known as Version of record
Link back to DTU Orbit
Citation (APA):
Mosthaf, K., Brauns, B., Broholm, M. M., Fjordbøge, A. S., Bjerg, P. L., Binning, P. J., ... Kerrn-Jespersen, H.
(2017). Forced-gradient tracer tests in a fractured limestone aquifer designed and interpreted by modeling.
Abstract from 2017 NGWA Conference on Fractured Rock and Groundwater, Burlington, United States.
Abstract for: 2017 NGWA Conference on Fractured Rock and Groundwater 
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The importance of fracture flow and transport in a fractured limestone was investigated with 
a hydraulic pumping test combined with 6 tracer tests. The pumping test was conducted in a PCE-
contaminated fractured limestone aquifer over several weeks, with head observations being collected 
at a set of observation wells at several depth intervals in the aquifer. The pumping test was combined 
with six tracer tests. Fluorescent and ionic tracers were used for injections through the screens of 
the observation wells and monitored at the pumping well. Before the pumping test, the geology was 
carefully mapped using borehole cores, flow logs, geophysics etc. 3D modeling guided with the test 
design and helped with the interpretation of the of the pumping and tracer test results. 
The pumping test and the geologic investigations showed that the limestone aquifer was highly 
permeable, with fracture flow dominating the hydraulic response. Most tracer tests resulted in a very 
fast tracer arrival, indicating a very good connectivity between wells at a similar depth as the 
pumping well. Strong diffusive interaction between fractures and matrix was revealed by significant 
tailing in the tracer breakthrough curves. In one tracer test, tracers were injected before starting to 
pump to allow the tracers to diffuse more into the matrix. This resulted in lower breakthrough 
concentrations and longer tailing, representing mainly the back-diffusion from the matrix. Deeper 
wells and crushed upper layers have less connectivity to the pumping well and show slower tracer 
breakthroughs. 
The breakthrough curves from the tracer tests were used to test different model concepts. A 
discrete-fracture model could be fitted best to the observed breakthrough curves. It demonstrated 
the importance of including fracture flow and transport in the modeling of fractured limestone sites. 
The calibrated model was used to analyze the spreading behavior of the contaminant plume. 
